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su?-®';a.ry 


An invostlgatj.on waa ccndiicted to detarmins the effect of power 
and full -span slotted flaps on the longitudinal stahility and control 
characteristics of a sini-le -engine nigVi-wing adrplane . The model 
combinations investigated incD.uded tiiree power conditions - namely, 
propeller off , prope.ller vr’ndmilllng, aiid power on tested with 
flap neutral, single slotted flap, and double slotted flap. 

The results of the investigation revealed that deflection of the 
double slotted flap produced aMost twice as much lift increment as 
did tl'.e deflection of tlie single slotted flap. The application of 
poorer greatly increo.sed the lift increments and ta.il -off lift-curve 
slopes. The application of power decrea.sed the stability of the 
model foi’ all three flap configurations . Elevator deflection required 
to trim \m.3 gfe^itly Increased with increase in flap deflection. 

The application of power decreased tine amount of negative elevator 
required to trim the model for all tlireo flap configurations. 
Deflecting the flaps reduced the maximum wing loading; that may be 
used with power off without exceeding a sinlcing speed of 23 fs©t per 
second. Deflecting the flaps jmequired aio increase in power to 
maintain an indicated sirJring speed of 23 feet per second at a 
given wing loading. 


im'RODUCTION 


The development and use of high-po>rered .engines have introduced 
pronounced and important effects upon the. stability and con’tn'ol 
characteristics of the airplane . Previous papers have siiown that 
the propeller had some effect on the cinracteristics even when in 
the vin^nilling condition. The direct effects of the propeller. 
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such as thrust, torque, and nomal force, act on the airplane throu^i 
the propeller shaft. The indirect effects, which Diay he larger, 
result from the interaction of the propeller slipstreean vrith tlie 
coEq)onent parts of the airplane. V/hon power is applied, the effect 
is much greater. Some of the effects of power are shown in references 
and 2. Reference 1 also presents an analytical study of the contri- 
hutions of power to longitudinal stahility. 


liigj'i-lift devices, especially flaps, also have a pronounced 
influence on the stahility and control characteristics of the 
airplane . Flaps are Jmovm to Increase tlie diff Ictilty of obtaining 
longitudinal trim and stability for all flight conditions and to 
increase the adverse effects of power in many cases. The use of 
more effective liigl:-lift flaps may he expected to aggravate these 
difficulties with the possibility that the flaps may he of primiary 
concern as regaz-da longitudinal stahility and control. 

The location of the wings also h.as pronounced effects on the 
stahility of the airplane. Eigl'i-wing airplanes 'bend to have more 
longitudinal stability at medium and higii lift coefficients than 
low -wing airplanes (references 3 ^.nd U) . 

Up to the present time Icnowledge of the effects of povrer on 
airplane stability is incomplete and does not permit quantitative 
predictions. The literature (see bibliography) contains almost 
nothing on powei- effects with deflected flaps or with different wing 
position. The present systematic investigation of the interrelated 
effects of power, flaps, and wing position was therefore started 
in 19 ^ 1 . Longitudinal and lateral stahility and control data ^vere 
obtained foz* a basic model (fig. l) with different configurations. 

The present paper covers tho investigation of the longitudinal 

stability and control of the model as a hi^^i-wing airplane. It 

has been necessary to lixiiit the analysis to qualitative considerations. 


COEFFICIENTS AND SYMBOLS 


The results of the tests are presented in tlie form of standard 
NACA coefficients of forces and moments. Pitching -moment coefficients 
are given about t}ie center -of -gravity location shown in figure 1 
(26.7 percent M.A.C.). The data are referred to the stability axes, 
which are a system of axes having their origin at the center of 
gravity and in which the Z-axis is in the plane of symmetry and 
perpendicular to the rel.ative \/ind, the Z-axis is in the plane of 
symmetry and perpendicular to the Z-axls, and the Y-axis is perpen- 
dicular to the plane of symetry. The positive directions of the 
stability axes, of the angular displacements of the airplane and control 
surfaces, and of the hinge moments are shown in figore 2. 
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Tho 

coeff icierts aii(? cjnifDo.l 3 are de'rirjeA as follovrs: 

^I. 

lift coefficient { 2 ,/q 3 ) 


liicrement In coefficient d’oe to flap deflection 


oloxie of lift c’.n’vo, per deni'ee 

Ct 
• 't 

horizontal -tail lift coefficient (L^AitPt) 


long! tudlnrl -force coefficient (x/qS) 

Cm 

pitcl:ing-ruuP.ent ccefficiont (M/q.Sc’) 

Ciiio 

tail-off pitohin.g”'v;oii:snt coefficient 

Ox X 

tail-off pitchinG-moment coefficient aoout the effective 
tai.l-off n<mtral point 

C-m^ 

pitching-mosiaiit ccefi'icient provilded. by the tail 
• on '^■"taj.l off^ 

Ch 

elevator hinge -moii'ent coefficient (H/g.hfj 'c@‘') 

Tc' 

effective tbrr.st ccofficient based on wing area (Tgf.|.->/q.S) 

C’C 

torqxie C( efficient (Q/pT^B^) 

v/nD 

propelD.er advance -diair'O ter ratio 

n 

prop-iilsive efficionoy 

V- 

horizontal -tail volume coefficient 

Z 

lift 

Tr 

A 

longitudinal, force 

L 

rolling moiiK-nt; pound-foe t 

K 

yaving moment, poujid-feet 

M 

pitching moment about Y-axis, pound -feet 


horizontal -tail lift, positive upward, poiuads 

H 

hinge moment, pouuid-feet 
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'^eff 

Q 

s 

St 

c 

c’ 


^e’ 


V 

D 

n 

P 

a 

CX.X 




propeller effective thruct, pounds 

pvopoller torque, pound-feet . 

frn+ (elf) 

free-streeaa dirnaniic press-'ore, pounds per square foo } 

effective average dynainr.c pressure at tail as^ detained 
froxn. pitching-jiionent data, pounds pei sq.uare x 

wing area (9*44 sq. ft on xaodel) 

horizontal -tail area (1.9?- sq ft on nodel) 

airfoil section chord, feet 

wing mean aerockvnainic chord (M.A.C.) (1.36 ft on model) 

elevator root -mean-square chord ‘back of ninge line 
(0.2o4 ft on model) 

wing span (7 .45^ ft on model) 

elevator span along hinge line (2-546 ft on m.odel) 

tail length measured from center of gravity to quarter - 
chord' point of horizontal -tail ijiean aerodynamic chord 

air velocity, feet per second 

propeller diameter (2.00 ft on model) 

propeller speedy rpe 

mss density of air, slugs per cuhic foot 
angle of attack of fuselage center line, degrees 
angle of attack of tail chord line 

effective angle of downwash at the tail as determined 
from pitching-moment data, degrees 

angle of yaw, degrees 

angle of stahilizer with respect to fuselage center line, 
positive when trailing edge is do^■m, degrees 
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& 

P 






Vo 


^3 


i 


a 


control -surface deflection with respect to chord of fixed 
surface, degrees 

propeller hlade angle at 0.75 radius (25*^ on model) 

tail -off neutral point, percent wing mean aerodynamj.c chord; 
distance of tail-off neutral point "behind leading edge 
of wing mean aerodynatnic c.hord 

neutral point, pei-oent \ring mean aerodjTaamic chord; distance 
of nexxtral point "behind leading edge (center -of -gravity 
location for neutral Bta"bility in trir;]med flight) 

indicated a5.rspeed, miles per horn’ 

sinking speed, feet per second 

indicated sirJcing cpeed, feet per second 

ratio of air density at altitude to air density at sea 
level 


Su"bscripts : 
a aileron 

"b trimmed conditions with center of gravity at the neutral 

point 

e elevator 

eff effective 

r rudder 

t horizontal ta.il 


MODEL AND APPARATUS 


The tests were conducted in the lancley 7- ty 10-foot tunnel 
desori"bed in references 5 <^<i 'The test "body is a i-scale model 

of a f ighter-typje airplane (fig. l) . The wing design characteristics 
are given in ta"ble I. No ].anding gear was used for these tests, 
inasmuch as the effect of landing geai-s on longitudinal stability 
is laioxai to "be stiall. 
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The wing \ra.a fitted with a 40 -percent -chord doiihle slotted flap 
covering 93 percent of the span. This flap vras designed fron the 
data of reference ?• For the flap -neutral tests the flap was 
retracted and the gaps were faired to the airfoil contour with 
modeling clay. For the single -slotted -flap tests, the front fi.ap 
was retracted and faired to the a,irfoil contour with modeling clay. 
The rear flap, which represented the flap for a single -slotted -flap 
configuration, had a. 9 5 *66 -percent chord and was maintained at 
a setting of 30^ for the singi.e -slotted -flap tests. For the double - 
slotted-flap tests, the roar flap ■vra.s set at 30^^ relative to the 
front f].ap which in turn was set at 30*^ relative to the wing. With 

flaps deflected there was about —-inch clearance between the end 
of the flap and the fuselage . 


During the preliminary stages of the investigation it became 
apparent that a conventional horizoiital tail surface would be 
inadequate to provide long^itudina.! trial when the double slotted 
flap was used. As a result, the horizontal tail shown in figures 1 
and 3 was designed for the present tests. (3ee tables I and II.) 
The present horizontal tail has an Inverted Clark Y airfoil section 
and is equipped with a fi:ced leading-edge slot. The slot had a 
constant chord but was located to approxiiaate the best slot shape 
given in .reference 8. For tlie flap-noutral and single -slotted-flap 
stabilizer and elevator tests, the slot was filled in and faired to 
the contour of tiie tail. The slot was left open for one stabilizer 
setting during single -slotted-flap tests for comparative purposes. 
The tail slot was left open for the double -slotted-flap tests. 

Tests were inade to determine the characteristics of the 
horizontal tail for use in the deterxiilnation of the angle of down- 
wash and the dynamic -pres sure ratio at the tail. For these tests 
the tail unit was mounted in the Langley 7” by 10-foot tunnel as 
shown in figure 4. 


The 2-foot-diaLieter, three-blade, right-hand motal propeller 
was set for a blad.e angle of 25° at O.75 radius for all tests. The 
dimensional characteristics of the propeller are given in figure 5* 
The power for the model propel3.er was obtained, from a 56 -horsepower 
water-cooled induction motor mounted in the f-uselage nose. The 
propeller speed (rpri) vras measured by means of an electric tachometer 
accurate to within 0.2 percent. 

Elevator hinge raoments were Bieasured by means of an electric 
strain gage mounted in the stabilizer. 
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T3ST3 AND NE3ULTS 


Test Conditions 


Tlie tests were aade in the langley oy 10 -foot tunnel 
(reference 5) £it dj'namic pressures of 12 -53 pounds per square foot 
for power-on tests vrith the douhle slotted flap and 16.3Y po^mds 
per square foot for all other tests. These dynamic pressures 
correspond to airspeeds of ahoivfc 70 and SO nilea per hour. The 
corresponding test Ee^'iiclrls nunfoers wore 875^000 and 1,000,000, 
"based on the wing mean aerodjuaiai 0 chord of 1.3^"> feet. Because 
of the tur"bulence factor of 1.5 for the tunnel, effective Reynolds 
nuRihers (for ma;cimuin lift coefficients) were a"bout 1,400,000 and 

1,600,000. 


All power-on da.ta, have "been corrected for tares caused hy the 
model support st?'ut. No power-off tares were o"btained "because they 
have "been found to "be relatively small and erratic on similar models 
with flaps deflected; thus, omis.sion of the piower-off tares is not 
"believed to change the resiilts very much. The test resuilts for 
the isolated horizontal tail were corrected for tares obtained "by 
testing the tail assoxn"bly with the horizontal tail removed. Jot- 
"boundar^.’ corrections tl;at include the effect of slipstream have "been 
applied to the angles of attack, the long! tudinai. -force coefficient, 
and the tail -on pitching -moment coefficients. The corrections 
■v/ere comp’ated froiu reference 9 follows: 


Corrections 





where 


5 


w 


jet--""Doundar 3 - correction factor at wing; (0.1125) 
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6p, total Jet-toimdary ccrrection at taj.l (varies oetween 

^ 0.20 and 0.21) 

S model win^ area (9-^i-4 sq ft) 


C 

Bit 


tunnel cross-sectional area (69.59 sq ft) 

rate of change in pitching -moment coefficient per degree 
change in stahiliser setting as determined in tests 


<lt/<l 


ratio of effective dynamic pressiiro over the horizontal 
tail to free -stream dynajiiic x^rossva’e 


All corrections were added to the test date. 


Test frocodure 

Propeller calihrations were made "by iaeasuring the longitudinal- 
force coefficient for a range of propeller speeds with, the model at 
zero angle of ette.ck^ flap neutral^ and tail removed. Tiie effective 
tlirust coefficioiit To ' was then deteriaited from the relation 


Cv - Cv 

■''^propeller operating •‘propeller removed 


The motor* torque was also measured from which propeller efficiency 
was computed. The results of the propeller calihration 01*6 shovm 
in fifOJre 5. 

The variation of the effective thrust coefficient ' with 
the lift coefficient Cj used for the tests is given in fig^oz-e 7* 

A straigTit-lino variation \ras used because it is a close approximation 
to the variation for airplcnes with constant -speed propellers 
operating at constant power. Prelii'oinary runs were juai.e hy setting; 
the propeller speed to obtaj.n a givei: value of T^ ' and then 
varying the angle of attack a ■•jaitil the value of corresponding 

to the set value of ' indicated in figure 1 , was read on the 

scale. The results were then cross -plotted to obtain a curve of 
propeller speed against angle of attack. All subsequent power-on 
tests with the saiie flajj setting were also made at the angles of 
attack corresponding to the ai’cremantioned propeller speeds. 

The use of a Btraigji.t-line variation of T© ' with implies 

that the propeller efficiency is proportional to the speed; for this 
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case the va.lue of t; /Ct, vas taken as 0.93. Althousla this assumption 


requires propeller efficiencies that v/oiild never 1)0 reached at low 
lift coefficients on an actual airplane, the error in Tq ' is small 
hecavise the values of Tc ' ene saiall. The value of Tc ' for the 
tests w-th the propeller windmilling was about -0.005* The approximate 
amount of engi.ne horsepower represented for various model scales and 
wing loadings is given in figure 8. 

Because of an error ?'.n part of the investigation of the double - 
slotted-flap configitration, some of the d.ata are omitted. The data 
presented herein are composed of both stabilize!' and elevator tests 
plotted in the saine figure . Neiutral poiiits were determined from 
these d.ata, where possible, but tho stability parameters were not 
obtainable . 


Neutral points. - A nexitral point is a. center -of -fgr’avity location 


with Cj^. The neutral points were deterrained by the method of 

tangents developed in references 10 and 11. Tiae use of this method 
provides the locations of neutra.l points but does not show qualita/bively 
the individual a,erodynaiTiic factors (longitudinal -stability parajiieters) 
affecting tho locations. N’aen the neutral point is behind the center 
of gravity the airplane is statically stable . The symbol np is 
used to refer either to the neutral point or to its distance from 
tho leading edge . Phrases such as "increase in np, " "np moves 
rean-rard, " and "increase in sta.bility" have the sarra significance 
in the discussion. 

The following equation, although laborious for the solxiticn of 
neutral points, shows the relative significance of the several 
aerodynamic factors. The derivation of t’lis equation is found in 
the appendix of reference 12 . The neutral points were computed 
by the method of tangents of reference 10 and checiced by the present 
equation which is accurate within t2 percent. 


Method of /malysis 
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where 



horizontal -tail vclutne coefficient for the center of 
gravity at the neutral point 


^CLt 

da^ 


isolated-tail lift -curve slope 


<itk 


effective dynamic -pressure ratio 




h 


trim l.ift-cuT've 
see appendix 


slope of complete airplane (for derivation 
of reference 12) 


P 


'^'^^tai l off A 

“da V ' It/c / 


power parameter 


Q-CLh 
’ it./q 
% 


pitching -moment coefficient ahovit the effective tail -off 
aerodynamic center n^, 

rate of ciiange of dovnwash angle wit)-, angle of attack 

trim lift coefficient of complete airplane 

Dynamic -pressure ratio.- For the method of determining the 
effective dynainc-pressur-s ratio and the effective dowrara,3h 

angle at the tail €, see the appendix of refereaice 12 . Those 
values are obtained fro:a the contrib-ation of the tail to the pitching 
moment and are not necessaril;- those that would be obtained frora 
flow surveys . 


“^“eff 


da 

% 
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Presentation of Results 


A short outline of the figures showing the test results is 
as follows; 


Figure 


Stabilizer tests 9 to 11 

Isolated -tail tests 12 

Reutral points: 

Effect of flaps 13 

Effect of power 1^ 

IncreBients due to power 15 

Stability parariieters : 

Effect of flaps I6 

Effect of power 1? 

Increisents due to power I8 

Elevator tests ... 19 20 

Tuft studies (double slotted flap only) 21 

Landing chsracteriatics 22 

Power required to maintain ein indicated sinicing speed 

of 25 feet per second at O.SpCj^ 23 


DISCUSSION 
Lift Characteristics 


Because the tests were not carried tlirougla maximum lift, a 
comparison of the maximum lift coefficient of the model with the 
maximum lift coefficient from section data was not possible . 

Effect of flaps . - The double -slotted -flap configuration produced 
almost twice as much lift-coefficient increment as the single -slotted- 
flap configuration without power. (See table III.) The increments 
for both configurations were increased by power, but the double - 
slotted-flap configuration produced the greater increase. The 
greater Increments in lift due to the double slotted flaj) are 
.caused by greater thrust coefficients at the higlier lift coefficients. 
The results are in general accord with theory. 

Effect of power .- Application of power resulted in substantial 
increases in tail-off lift-curve slopes and tail -off lift coefficients 
for all flap configurations (table III). Tlie largest increases were 
obtained for the double— slott ed^.-f lap configuration. The increases in 
lift coefficient are caused by the increased velocity over the part 
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of the wing in the slipstfeam. The increases in lift— curve slope 
az'e caused partly "by the growth of this increased velocity with 
angle of attack according to the thrust-coefficient variation 
Tq ' =: 0 . 1610 ^. This action of the propeller slipstream upon the 

lift-curve slope and lift- -coefficienb increment is characteristic 
of airplanes employing tractor— propeller arrangements. (See 
bibliogi’aphy , ) The flap provides greater increments of lift 
during power— on operation if Immersed in the slipstream. Values of 
the trim-lift increment of the ccaajplote airplane are lower than 
tail-off lift increments of table III because of the large down 
load.s required by the tail. 


Effect of wing position .- A comparison of the model tested as 
a low— wing airplane (reference 12) and the model tested as a high- 
wing airplane (present paper) showed that the high--wing model 
produced slightly higher lift-curve slopes. The lift increments 
caused by power and flaps, however, were about the same for both 
models . 


Elevator-Fixed Stability 

Effect of flaps.- A study of the neuti-al-point curves in 
figures 13 (a) and~ 13 (b) indicates an increase in stability with 
an increase in lift coefficient for all flap configurations investi- 
gated. This increase is noted in most higla-wing airpJ.^e data and 
is largely due to the rearvrard movement of n^ with lift coefficient, 
(See figs. l6(a) and 16(b).) 

A comparison of the data for the flap-neutral and single-slotted- 
flap configurations choved a forv/ard movement of the neutral point 
over the lifVcoefficient range. This forward movement may be 
largely attributed to the forward shift of iiq and also the increase 

in (dCL/da)^. (See figs. l6(a) and l6(b).) The effect of the 

double slotted flap compared to the single slotted flap showed^ 
veiy 3-ittle change in neutral— point location at the lift coefticients 
for both flap configurations. 

The large forward shift of n^ is presumed to be compensated 
by an increase in ( ) , With the application of power the 

neutral point showed the tendency to move forward with increasing 
lift coefficient for the three flap configurations investigated. 

(See fig. 15 .) This increase in np may also be traced to the 
increase in n^. (See fig. 16(c).) A comparison of the flap- 
neutral and the single-slotted-flap configizi-ations showed a loss in 
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stability at the same lift coefficient. The compariopn of the singlo- 
slotted-flap and double -clotted-flap coiifiourations^ however, showed 
an increase in stahilit;.'- at the lift coefficients. The loss in 
stability caused by the single slotted flap may be traced to the 


increase of (dCTj/da)-^ and the decrease of both o-t/l 


A(qt/<l) 

dCr 


(See fig. 16 (c).) The increase in stability resulting from the 
double slotted flap is incompletely expla-ined because of the lack of 
data, but an Inspection of the tail-off pitching -moment ciorve of 
figure 11(0) suggests tliat r^Q is largely responsible. 


Effect of pow er. - The £reatest stability (most rearvrard Up)., 
in agreement with references 1 and 2, was .obtained with the propeller 
off. (See fig. 1>I-.) Addition of tlie windDilUing propeller for all 
three flap configurations reduced the stability appreciably. 

Application of power brougiit a greater reduction. By far, t^^e greatest 
reduction occui’red at hif^i lift coefficients wit]i the double slotted 
flap deflected. 


With the propeller windmilling and flap neutral (fig. Ih), 
the loss in stability at low lift coefficients is traced to the 
slightly fori'iard shift of n^ and at higiier lift coefficients, to 
the large increase of de/da with increasing lift coefficient. 

(See figs'. 17(a).) The forward shift of - iIq caused by adding the 
propeller is explained by the fact that a pitched propeller produces 
a normal force similar to a small fixed horizontal airfoil. The 
loss in stability resulting from the application of power is priEiaril 
caused by the la;uge increase of de/da and (dCL/da)ij, both of which 

more than offsets the increase in q.t/q. and 


<3-(qtA) 


dC- 


L 


Tlie effects of power on the sing’le-slotted-flap configuration 
are similar to those on the flap -neutral cenl’iguration but are 
larger. (See fig. l4.) An increa.se in is more than offset by 

increases" in (dCp/da)!) and dt/da. (See fig. 17 (b).) 


The over-all effect of power, relative to the propeller-off 
case, on the double -slotted-f lap configuration is destabilizing as 
for the single -slotted -flap configuration but is much lai’ger. 

(See fig. l4.) The forvrard np-shift reaches about 20 percent mean 
aerody'namic chord at higli lift coefficients. (Gee fig. 15.) Data 
for the propeller-windmilling case as .well as for several of the 


q ’ 


and 




dC. 


L 


stability imrameters 


investigated with 
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propeller off and power on are unavailable. The stability parameters 
n^ and ( 6 . 0 -^/ however, show an increase with power as did 

the sin£;le--slottad— f lap configuration but this increase is much 
larger than it is for the double— slotted— flap coni igurat ion. 


Effect of w ing position .— A comparison of the longitudinal 
stability of the low— wing model (reference 12) with that of ^^Ne 
hlgh-'Wing model shovred that for medium and high lift coefficients 
the high- wing model was mors stable for all power and flap conditions. 
For low lift coefficients the low-wing model was more stable. This 
fact is a characteristic diffex'ence between low— wing and high— wing 
airplanes. 


The high— wing position with flap neutral exhibited a greater 
destabilising effect of power than the low-wing position. For the 
single-3 lotted~f lap confifairation the low-wing position showed better 
stability characteristics with power at low lift coefficients but 
poorer stability characteristics with power at high lift coefficients. 


Elevator-Free Stability 

The effects of flap deflection and power on the elevator-free 
stability, in general, are similar to the effects on elevator— 
fixed stability. The results show that, in all cases (figs. 13 and 14;, 
the elevator— free neutral point is slightly forward of the elevator- 
fixed neutral point (between 1 and 6 percent M.A.G.) and indicates 
a tendency of the free elevator to float with ohe relative airstream 

at the tail. 


Longitudinal Conti'’Ol and Trim 

Effect of flaps.— A study of the elevator test ^results for the 
propeTier-off condition (figs. 19(a), 20(a), and 11(a)) indicates 
that the neutral-flap condition will require an elevator ^deflection 
of about -20° to trim the model at the maximum lift coefficient for 
the center of gravity at which the model was tested (2d. ( percent 
M.A.C.). The single— slotted— flap condition at the same stabilizer 
setting would require a much greater negative elevator dei lectj.cn 
for trim at the maximum lift coefficient because the negative tail 
load reauired for trim is increased as a result of the Increase in 
tail-off pitching moment due to flaps. The amoujit of negative 
elevator required for trim was reduced for the tests to a reasonable 
value of -11° by adjusting the stabilizer setting downward 8.3 . 

Deflection of the double slotted flap causes a large wing- 
diving moment and an increased downwash at the tail. The resultant 
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cLo'tvn'ward increment in tail load is insufficient to offset this 
diving moziient. An elevator deflection of about -2h° , therefore, will 
he required to trim the model at the maximum lift coefficient. This 
deflection is close to the usual limit of negative elevator travel. 

If the incidence setting of -1.3° \-Tere maintained, therefore, tlie 
elevator control would prohahly he insufficient should the center 
of gravity be sliifted forvzard or should the- model he in proximity 
of the £Tound. A negtitive increase in tail incidence through the 
use of an adju-stahle stabilizer woi 0 .d improve this condition. Forward 
center -cf-cyavity travel, however, would still he seriously limited 
because the horizontal tail is on the verge of stalling even vT-ith 
the tail slot open. 

A comparison of elevator 'test results with propeller off 
(figs. 19(0) j '‘- 0 (a), and 11 (a)) and with propeller windmilling 
(figs. 19(b), 20(b), and 11(b)) shows small sjad negligible differ- 
ences in the elevator deflections required for trim. The most 
noticeable difference occurs with the double -slotted -flap configura- 
tion; with the propeller winclmilling less negative elevator is 
i'equired for trim than with the pi’opeller off. Tliis difference is 
due both to the propeller -fin effect arid to the corr'S spending 
increased doTOTzash at the tail. 

A stud^z of the elevator test results for the power-on condition 
(figs. 19(0"), 20(c), and 11(c)) reveals a similarity with the power- 
off condition discussed previously. The negative elevator deflections 
required to trim for the flap -neutral and single -slotted -f 3 .ap 
coni’ifurations were somewhat less with pov;er on but, with the 
double s3.otted flap deflected, the elevator deflection required to 
trim was slight 3 .y .greater. A negative increase in tail incidence 
tlrirough the use of air adjustable stabilizer would improve this 
condition. 


Effect of powe r . - Tlie test results for the fla^D-neutral and 
single -slotted -flap configurations indicated smller negative 
elevator deflections for trim with power on than vzitii propeller off. 
In the case of the neubral flap, the power effects increase the 
dynamic -pres sure ratio and slightly increa.se the dowiiwash. (See 
fig. 17(a).) Inasmtich as a slight domiward tail load is required 
for trim, the increase in dynamic pressur’c- and in downwash act to 
reduce the negative elevator required for trim. In the case of the 
single -slotted -flap configuration, fig\u-e 20 shows th.at more down 
load on the tail is required to trim with power. The Increased 
do'jmwash and dynamic -pressure ratio at the tail, however, tend to 
reduce the negative elevator required for trim. 

The application of power to the model for the double -slctted- 
flap configuration resiilted in a sharp increase in tail-off pitching 
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moinent (fig. 11 (c)) and, consequentlj^ greater negative tail loads 
are required to trira. Un3.es3 an adjustable stabilizer were provided, 
the model would have insufficient elevator to r.iaintain control up 
to the maximum lift coefficient. The proximity of the ground wouJLd 
aggravate the situation and a more negative stabilizer or elevator 
would be required. 

Effect of wing position . - A comparison was made of elevator 
effectiveness (dCL.^/dS$ and da-^/dbg) for the low -wing model 
(reference 12) and for the present higl^.-wing model. The low-wing 
model showed the better effectiveness with the flap-neuti’al 
configuration; whereas the models showed about the sane effectiveness 
with the single -slotted-f lap configuration. The comparison of 
the low-vring and higli-v/ing models could not be carried to the double - 
slotted-flap configuration because of the incompleteness of the 
iiigii-wing data, but the available data suggest that the higla-wing 
model should have a sliglitly hlglior elevator effectiveness. 


Tuft Studies 

Figures 21(a) and 21(b) show the results of tuft studies on 
the wing witli tiie double slotted flaps extended. With the propeller 
windriiilling (fig. 21 (a)) the rear flap was almost coi'qiletely stalled 
througl'iout the angle -of -attack range. The front flap and the main 
part of the vrLng, however, did not show any stall characteristics 
until higher angles of attack were reached. Wlien the main part of 
the wing started to stall, the rear flap ims tailed. When power is 
applied (fig. 21 (b)), most of the center part remains unstalled 
througliout the angle -of -attack ran{p • This effect of slipstream 
is in accord with previous experience . It is not Imown^ however^ 
whether the rear flap will sta.1.1 when on a fit.ll-*.soal© airplane. 

The wing tips are shown to stall first. This undesirable 
condition, however, may be considerably affected by the Reynolds 
nuiuber as vrell as by tvinnel-wall effect. Computations indicate that 
the induced upwash at the wing caused by the tunnel walls increased 
the effective angle of attack of the tip about 0.3Cj^°, thus giving 
the wing an effective washin. 


Landing Characteristics 

For the purpose of computing landing characteristics, the drag 
against lift data of the present investigation (effective Reynolds 
number, 1,600,000) wei’e extrai^olated to an effective Reynolds nuiaber 
of 8,000,000 (approxiijiately fvill scale). The original and the 
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extrapolalsed cvcrves of Cp against for zero pitching inoinent 

are plotted in the lover part of figure P.2* V/ith these curves are 
plotted calcifLated curves of required to ensure a sinlriiig speed 

of 25 f©« 5 t per second-^ against Cj^ for various ving loadings. . 
Another set of curves plotted in the upper parv of figure 22 gives 
Vi against Cj^ for the sajiie ving loadings. 


An exairv.p].e vill illustrate the estimation oi landing character 
istics from figure. Select the desired lift coefficient 

(for exa)Tipl 3 ^ C-j^ = l.O) and note the value of C-q measurea on the 


appropriate curve • Next note the value oi Cp required on tne 
curve for the desired ving loading^ (for example^ 40 Ih/ft ) for 

— ^ .n _ IT M 


this same value of Cj, • If C 


is less than ^ 

^ineasured -^required 


the sinJcing speed vil-l he less than 25 feet per secoiid^ and. ii 
Q ia mere tlian Ctj , the sinlcing speed vill oe more 

%^a 3 ured -^required' 

than 25 feet per second. If Ct) . ts negative, a climh is 

•^OTieasured 


indicated. 

It was found that a wing loading of approxiimtely 90 pounds per 
sq^uar© foot could "oe attained vritnout exceeding the recoiEuiended 
maximiffii sinlcing speed of SO feet per second (reference 13) with power 
off and either flap neutrs.1 or single slotted flap def3.ected. (oee 
fig. 22.) With the douhle slotted flap deflected, a wing loading of 
approxiEiately *40 pounds per square foot ciay he attained without 
exceeding a sinlcing speed of 29 feet per second. 


With the applicatj.on of power, corresponding^ to the horsepower 
on figure 8, for fla.p neutral and sing,le slotted flap deflected, 
the airulane will tend to gain altitude over siost of the lift range . 
With the double slotted flap deflected, wing loadings as high as 
200 pounds per squa.re foot he attained without exceeding a 
sinlcing speed of 29 feet per second. (See fig. 22.) 

The power required to imintain an indicated sluicing speed ox 
25 feet per second (reference 13 ) ®.t 0 • 0u0Lr^.^.y (estixfiated for 

effective Reynolds niciher of 8,000,000) at various wing loadings is 
shown in figure 23 for tlncee d-iiierent jiicdel scales (1/4, 
and l/8 scale) . Thi.s figure, derived from the model data of figure 22, 
also shows the wing loadings that may he attained without exceeding 
the recommended sinlcing speed with power off . With the application 
of flaps the power must he increased to avoid exceeding the recom- 
mended sinlcing speed at a given wing loading;. 


IS 
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CONCLUSIONS 


Tho results of the Icngitminal statility and control investigation 
of a powered model of a sin^J-e -engine high~wing airplane with full- 
span Sj.ngle ana doutla slotted flaps and an elevated horizontal tail 
are in general accord v:ith previous experience with powered models 
and witn qualitative theoretical considerations. In particular, 
the results indicate ti;at: 

Lift characteristics: 

1. Deflection of the douhlc slotted flap produced almost twice as 
much lif b -coefficient increment as did the deflection of the sinjtLe 
slotted flap . 


2. The application of power greatly magnified both the lift 
increments and tail-off lift-curve slopes. 

Long! tudinal s tat i 11 ty ; 


1. The application of power decreased tlie stahility of the model 
ror ail tliree flap configurations. 


Longitudinal control and trim; 

1. ji’levator d.ef lection required to triti with power off was 
increased with increase in flap deflection. 

2 . The application of power decreased the amount of negative 
elevator required to trim for all three flap ccnfigvurations. 

Landing characteristics; 


1* Deflecting the flaps reduced the maxii'iium wing loadin'^ that 
may he used with power off witlxout exceeding a sinking speed'of 
25 feet per second. 


2 ‘ Deflecting the flaps required an increase in power to maintain 
an indicated sinlcing speed of 25 feet per second at a given wing 
loading. 

Effect of wing position; 

1. The present nigti-wing model produced sligiitly higher lift- 
curve slopes than the corresponding low-wing siodsl discussed in 
NACA TN No. L?35. 
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2. The high— wing model was more stable at medivmi and high lift 
coefficients; whereas the low— wing model was moi'e stable at low lift 
coefficients. 

3. With flap neutral the elevator effectiveness was better on 
the low— wing model than on the high— wing model; however, the data 
available indicated that with sji increase in flap deflection the 
elevator effectiveness might become better on the high-wing model. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee foi- Aeronautics 
Langley Field, Va., April 28, 19^7 
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TABLE I 

MODEL WING AND TAIL -SURFACE DATA 



Wing 

Horizontal 

tail 

Vertical 

tail 

Area, sq ft 


9.440 

1.920 

1.250 

Span, ft 


7.458 

2.542 

1.508 

Aspect ratio 


5-91 

3-36 

1.81 

Taper ratio 


0.445 

0.438 


^'Dihedral, deg 


1-9 

0 


Root section 


NACA 2215 

Clark Y 
(inverted) 

NACA 0009 

Tip section 


NACA 2209 

Clark Y 
(Inverted) 

NACA 0004.5 

^Angle of incidence 
root, deg 

at 

1.0 

-1.3, 7 

-1.50 

^Angle of incidence 
tip, deg 

M.A.C., ft 

at 

1.0 

1.360 

-1.3, 7 

-1.50 




Root chord, ft 


1.800 

1.141 

1.272 

Theoretical tip chord, ft 

o.eoo 

0.500 



dihedral measured with respect to chord plane. 

^Angle of incidence moasin’ed with respect to fuselage center line. 
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TABLE II 

MODEI. COKTPOL -SURFACE DATA 



Elevator 

Rudder 

Flap 

Percent span 

99.5 

99.1 

93.0 

Area "behind hin^e 
line, sq ft 

0.621 

0.506 

— 

Balance area, sq ft 

0.131 

Minimum 


Root -mean -sque-re chord 
"behind hinco line, ft 

0 .? 6 U 

0.353 


Distance to binge lino 
from normal center of 
gravity, ft 

3.721 

3 . 611 

— 


TABLE III 

TAIL -OFF LIFT CHARACTERISTICS 
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Figure 1.- Three-view drawing of the "Scale model as a single-engine high-wing airplane. 
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Fig. 2 
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Relative wind 
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Figure 2.- System of axes and control-surface hinge moments and 
deflections. Positive values of forces, moments, and angles are 
indicated by arrows. Positive values of tab hinge moments and 
deflections are in the same directions as the positive values for 
the control surfaces to which the tabs are attached. 



Elevator area, sq ft 

Elevator rms chord, ft . . . 

Fludder area, sq ft 

Rudder rms chord, ft ... . 
Horizontal tall area, sq ft . 
VerUcal tail area, sq ft . . 

Elevator span, ft 

Rudder span, ft 


hinge. 



0.621 

0.264 

0.506 

0.353 

1.920 

1.250 

2.542 

1.508 


Figure 3.- Details and dimensions of the vertical and horizontal tails. 
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Fig. 4 



L 


Figure 4.- Isolated tail assembly mounted in Langley 7- by 10 -foot tunnel. 




NACA TN No. 1339 


Fig. 5 
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Figure F r Plan - form and blade -form curves 
for the mode! propeller. diameter) 

Ry radius to tip; r, station radius ; b, 
section chord ; h, section thickness) 

RAF 6 airfoil section. 


Blade angle 


Effective thrast coefficient , Propulsive efficiency 


Fig. 6 
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Propeller advance - diameter ratio, V/nD 


Figure S -Effective thrust coefficient, torque coefficient, 
and efficiency as functions of propeller advance - 
diameter ratio for the model as a high- wing airplane. 
D = E.Ofeet; 


Torque coefficient, Q 


Effective thrust coefficient. 



0 4 .6 IZ 1.6 2.0 2.4 2.6 3.2 3.6 4.0 

Lift coefficient , Ci_ 

Figure 7 .~ Variation of effective thrust coefficient with 
Hft coefficient for power -on tests. 
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Fig. 8 
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F/gure 6 - Var/afion of approx /mate horsepower 
represented w/tti airp/ane wing toad ing 
for various mode/ scales. 
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Fig. 9a 
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(a) Propeller off. 

Fiaure 3. -Effect of cfabiUzer on the aerodynamic characteristics 
of the model as a sina/e-e/T^^/rre /?/4>h-a//r?gf airplane with nap 
neutral . Tail slot sealed. 



Fig. 9a cone. 
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Lift coefficient , 


(a) Concluded . 
Figure 9 . " Continued . 


L onaifudinal-force 
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Fig. 9b 
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Lift coefficient , C. 


(b) Propeller windmilling. 
Figure 9 . -Continued. 


. Elevator hinge-moment 

Pitching -moment coefficient, coefficient, Cl 


Fig, 9b cone. 


NACA TN No, 1339 



□ 


o 


‘t 

(deg) 

-1.3 

7.0 

Tail off 


-4 0 .4 .8 l.Z 1.6 

Lift coefficient , 


(b) Concluded . 
Fig ure 9. ~C onfinued. 


L ongitudinal- force 

Angle of attack, of , deg coefficient , 
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Fig. 9c 



h 

(deg) 

Q ~1.3 
^ 1.0 
o Tail off 


0 .4 .6 l.^ 1-6 

Lift coefficient, Q 


{c) Pon/er on. 
Figure 3.’' Continued. 



Fig. 9c cone. 
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Figure 9 Concluded . 
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Fig. 10a 
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( a) Propeller off. 

Fiaure 10.~ Fffect of stabilizer on the aerodynamic character- 
istics of the modei as a single -engme airplane 

with a full -span single slotted flap. 


Fig. 10a cone. 
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Figure 10. ~Con finued. 
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Fig. 10b 
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(b) Propeller windmilling. 
Figure lO.~Continued. 


Elevator hinge -moment 

Pitching -moment coefficient, coefficient, Cu 


Fig. 10b cone. 
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(b) Concluded. 
Figure 10 . - Continued . 
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Fig. 10c 
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Figure 10.~ Continued. 


Fig. 10c cone. 
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Figure 10.~Conduded. 
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Fig. 11a 



12 1.6 2.0 2.4 2.5 3.2 

Lift coefficient ^ C[_ 

(cl) Props Her of f. 

Figure 11 . — Effect of stabilizer and elevator on 
the aerodynamic characteristics of the model as 
o si/?^/e- engine /)/g/?-ning airplane with a full- span 
double slotted flap. 


Fig. 11a cone. 
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Fig. lib 
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(b) Propeller win'dmilling, 
Pigure 11 . — Continued . 
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